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1. Background
• Shot noise is the dominant noise in low illumination imaging.
• Shot noise arises from the discrete nature of photon emission and electron movement.
• Shot noise is well modeled by Poisson distribution.
clean F noisy measurement G
Goal: estimate clean F from noisy measurement G.
2. Image Denoising in Multiplicative Multiscale Innovation (MMI) Domain
How you record an image comprised of 2 pixels?
Spatial (Intensity) MMI (Contrast)
{F0, F1} {Θ, S}
S := F0 + F1
Θ := (F0 − F1)/(2(F0 + F1))
Why MMI? MMI represents image content better.
• Sparse, desired in denoising.
•MMI matches human visual system.
Clean Noisy
A diagram of multi-level MMI modeling
Denoising procedure in MMI domain:
1. Observe noisy pixels G|F ∼ Poisson(F )
2. Estimate clean MMI coefficient Θ
3. Inverse MMI transform to obtain F
3. Contribution: Unbiased MSE Estimate of MMI Coefficient
How to evaluate the performance of a denoising algorithm Θ̂(G0, G1)? Mean square error.
γ[Θ̂] = E||Θ̂(G0, G1)− Θ||2
Problem: clean Θ is not observable.
Theorem: Unbiased MSE Estimate of MMI Coefficient
γ̂[Θ̂] = E||Θ̂(G0, G1)− Θ||2
= E
[
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2
]
− E
[
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(G0 + G1)
×
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PT |Θ[G0 + G1]
]
+ E
[
(G0 −G1)2 − (G0 + G1)
4(G0 + G1)(G0 + G1 − 1)
PT [G0 + G1 − 2]
PT [G0 + G1]
]
•MSE computable without clean Θ.
Performance verification, average over 600 images.
pixel intensity 10 20 30 40
E[γ] 0.2618 0.2503 0.2361 0.2242
E[γ̂] 0.2633 0.2513 0.2368 0.2249
relative error E[γ̂/γ − 1] 0.0055 0.0038 0.0032 0.0029
4. Contribution: Optimal Denoising in MMI Domain
•Goal: Find denoising algorithm Θ̂MR(G0, G1) that has minimum MSE:
γ[Θ̂MR] ≤ γ[Θ̂] ≡ γ̂[Θ̂MR] ≤ γ̂[Θ̂]
• Idea: set the derivative of γ[Θ̂] to zero.
Theorem: Minimum MSE Denoising in MMI (MMI-MRSO)
Θ̂MR(g0, g1) =
1
2
P [T = g0 + g1]
P [T = g0 + g1 + 1]
[
(g0 + 1)P [G0 = g0 + 1, G1 = g1]
(t + 1)P [G0 = g0, G1 = g1]
−(g1 + 1)P [G0 = g0, G1 = g1 + 1]
(t + 1)P [G0 = g0, G1 = g1]
]
5. Experiments
5.1 Synthetic Experiment
Test images (500+) are corrupted with Poisson noise, denoised, and then evaluated by
PSNR / SSIM metrics (the higher score the better).
PSNR/WSSIM in MMI domain
Average Pixel Intensity 0.10 0.20 0.40 0.80
Input 6.3146/0.1175 6.7750/0.1586 7.6640/0.2010 9.0681/0.2635
Dabov 2007 19.4445/0.1605 21.0478/0.2021 22.2051/0.2610 23.2702/0.3363
Combettes 2007 18.5584/0.1860 20.1560/0.2211 21.5035/0.2425 21.9273/0.2427
Luisier 2009 20.8037/0.1775 21.3216/0.2308 21.9212/0.2893 22.6192/0.3564
Hirakawa 2006 16.7043/0.1446 17.3661/0.1994 18.5705/0.2701 20.4634/0.3401
Kolaczyk 1999 19.1617/0.1966 19.3739/0.2402 19.3978/0.2885 19.4407/0.3438
Timmermann 1999 20.8790/0.1458 21.3729/0.1711 21.8485/0.2037 22.4017/0.2492
MMI-MRSO (proposed) 21.0658/0.1928 21.7800/0.2433 22.4250/0.2970 22.9689/0.3522
Average pixel intensity of input image is 0.8.
Original Noisy Input
Proposed PURE-LET
5.2 Real Image Experiment
Input Proposed
BM3D PURE-LET
